EOTVOS LORAND
TUDOMANYEGYETEM

Pion femtoscopy at NA61/SHINE

Barnabds Porty
E6tvos Lorand University, HUN-REN Wigner RCP

"5 University of Bologna, CosmicAntiNuclei Seminar
X it 5N /<) 2024.09.24

|-I U N & Barnabds Porf
y, barnabas.porfy@cern.ch
REN \WIBNEr



The experiment
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NI g NA61/SHINE, CERN, SPS

NAS1/SHINE

& Strong interaction

& Neutrino measurements
& Cosmic ray measurements

®Fixed target

® Various systems, various energies

A
®After LS2 ~ 20x faster data taking rate (readout from ALICE ©) Pb+Pb .l 2022123
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NA61 after the LS2
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#Upgrade of DAQ + new trigger system (TDAQ)
®Detector readouts replaced — data taking rate increase 20x
®TPCs — ALICE (frontends, readout control units); other detectors - DRS4

& Construction of:
& Vertex Detector - open-charm measurements
#Long Target Tracker — neutrino program

O'ToF-F wall

S®Multi-gap Resistive Plate Chamber based ToF-L (ToF-R under construction)

®Beam Position Detector

#Geometry Reference Chamber - drift velocity measurement

<

#Upgrade of PSD: MPSD + FPSD
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Example event |

FLTE
#Event sample in
®Be+Be at 150A GeV /¢ —2011
8 Ar+Sc at 1504 GeV /c-2015
SNN ~16.8 GeV
~3M events ) :
i
-
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Lévy approach — a summary

Based on experimental results: Gaussian not describe data well

Generalized central limit theorem
Lévy distribution (stable, symmetnc)'

L(a,R;7) = Jd3CIeWe 2laRI”

(2m)3

& Generalization of Gauss, power-law~ r-(d-2+a)

& a = 2Gauss, a = 1 Cauchy
_® Momentum correlation related to source S(x):

C(@) =1+2-|5)|°
 General approach: Gauss—Lévy shaped source
C(q@)=1+21-e-UaRD*
® Actual and mixed pair distribution —» C(q) = qu;
8 QCD universality class < 3D Ising

Halasz et al., Phys.Rev.D58 (1998) 096007,
Stephanov et al., Phys.Rev.Lett.81 (1998) 4816

8 Spatial correlation: ~ r —(d-2+m)

Lévy source: ~r~(@=2+0); ¢ & 1?
Csorg6, Hegyi, Novdk, Zajc, AIP Conf Proc. 828 (2006) 525-532
o At CEP:

& Random field 3D Ising: n
Rieger, Phys.Rev.B52 (1995) 6659

® 3D Ising:n = 0.03631(3)
El-Showk et al., J.Stat.Phys.157 (4-5): 86

= 0.50 £ 0.05

Log source density

Gauss

—— Cauchy (a=1.0)
(a=1.2)
.............. Gauss (a:Z,O)

Distance

Levy index of stability o

=4
n

Possible reasons for the appearance of Lévy:
QCD jets; ; Critical behavior; ...
Csorgd, Hegyi, Novdk, Zajc, Acta Phys.Polon.B36 (2005) 329-337

Csorg6, Hegyi, Novdk, Zajc, AIP Conf.Proc.828 (2006) 525-532
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FLTE Usual problems, q_lleStIOIlS

Usual check-list and questions
81D or 3D? (Usually decided before...)

SMaximum multiplicity in an event
®Needed for background mixing
®Determines size of Ny \ ;

DA N
@ Pair average transverse momenta pocl —
. ontent of kt
®How large intervals? center of interval
sHow manyf) kr interval

#How should they be distributed?

gﬂ\488 4857293
. 4?11020
.2372 4035894

SMomentum difference variable

jqinv Or qi.cMms

.3645 1812854

P IV T "R I A BRI A 123227 o 1o Ly
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
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Usual questions — What is the correct variable?

# Correlation function is measured as a function of momentum difference q

& Useful to use Longitudinally CoMoving System (Bertsch-Pratt) S.Pratt, Phys. Rev. D33, 72 (1986)
G. Bertsch, M. Gong, M. Tohyama, Phys. Rev. C37, 1896 (1988)
& average momentum orthogonal to beam

& source is approx. spherically symmetric in nucleus-nucleus collision

& In cases where statistics is not enough: use 1D momentum difference

# Need to check two options: g;cums OF Giny (=PCMS)

2
® Giny = \/_(El - EZ)Z + (plx - p2x)2 + (ply - pZy) + (plz - pZz)z

BUT: Qinv = q2ut(1 — Br)? + qZg4e + qlzong — even if qq¢ is large and fr = 0 — gj,y can be small! T g
0

This makes g observer (q;.cums O Giny) dependent

& Can we decide which option is best...?

(ms‘i' E n E r Barnabds Porty, barnabas.porfy@cern.ch



Usual questions — What is the correct variable?
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® Yes! We can measure qy = |E; — E,| vs. |q]|

& In case gjny is the correct variable, we expect maximum diagonally

#In case qrcms is the correct variable, we expect maximum near 0

2
8 |qicmsl = \/(mx —Pox)? + (P1y - P2y) + qg,LCMS
2 _ 4(p1zE2—p22E1)?
qZ'LCMS (E1+E2)2—(p1z+p22)2

C2(Iq|2'qf\)' a=10fm, a =05 At=5.01fm, T, = 0.0 fmfc C}(IqI:.q;), n, =5.0fm, F{L =10.0 /n, t, = 10.0 fm/c, n = 0.0

—
o

S(x,p) = d(r -at px)S(ry-it py)HLm(t)

[10° GeV?/c?)

2
LCMS 0

q
©C a N W & 00 O N © ©

7, 8, 9 10
lq . F[10”° GeV?/c?]

LCMS

r 2 P P
lq . F[10” GeV?/c?)

LCMS
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ELTE Cuts and usual problems

Usual cuts

& Centrality selection
S statistics, compatibility with other data

#How to mix the events
#Rapidity cut (around midrapidity)
oPID

#Bethe Bloch and /or ToF?
#Pions, kaons, protons?

& Track splitting
svisible spike in actual pair distribution

®Track merging
svisible in pair distance (geometrical, momentum space,...)

S Fitting range

®where to start and where to finish
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LT (Two-particle) femtoscopy measurement steps

After the good tracks are selected... create:

® A(q): Actual event relative momentum distribution

& pairs from same event

® B(q): Background event relative momentum distribution

& pairs from mixed event

s C(q) = A(Q)/B(q) - N

® Measure C(q) for various my bins
& mrt = average transverse mass of the pairs mr = /m% + ki

® Fit C(q) with suitable function

® Determine mt dependence of fit parameters

|-I U N & Barnabds Porf
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Event mixing

General idea: fill up Npq0) events from

previous actual events, in different classes —
centrality, multiplicity,...

®Actual/current event with n pions

8 A method: make pairs with all pions of the
pool to all actual pions

8B method: make pairs with all actual pions
to a random selection of n background pions

6 C method: select randomly one event and
select randomly one pion, make pairs

®In our (and most) case, C method is
preferred and used

Quisner

Actual
event

A method

QOO

B method

QOO
POO0O
@O0
000 ¢
Z§<
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C method

QOO

QO
QOO

OO0

Q0000
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A-B and track splitting |

ELLE
~ #Track Spllttll’lg Splke n IOW-q 1S a tellmg Sign in A(q), B(q)
Tk TE
m F m f
Tl After applying T E =
< P selection for track <C [ — \
; P splitting = \
E_—f— AB DIStrIbUtlon A Coincident pair distribution
o — A(q) distribution =
;_ _|_A’_“:ﬁ% —— B(q) distribution ‘ ? Background pair distribution
| L | -
CL o

dLcMms [GeV/C] qLcMms [GeV/C]
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A healthy A-B-C
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8 B-E effect visible in blue circle

8 Coulomb repulsion in red circ!

AN

N

\

Coincident pair distribution \

A(q), B(q)

|

Background pair distribution

qLcms [GeVic]
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s Example plots of A(q), B(q), C(q)

e, in case of like charged pairs

qrcms [GeV/c]
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Coulomb correction

#Dealing with like charged pairs = Coulomb repulsion

8 Coulomb correction is needed (CQC)

#Calculation is possible via a novel method of numerical  Nagy, M, Purzsa, A, Csanad, M. and Kincses, Déniel,
. . Eur.Phys.].C 83 (2023) 11, 1015
integration Y

#Plug-n-play tool available:
https:/ / github.com / csanadm / CoulCorrLevyIntegral

g’; i o € (0.6, 2.0)
© 6 [Jr=3fm [ |JR=6m
i IJR=9fm | |[R=12fm
1.4_ —a=2
=06 et
1.2
1

| L v by by by e by e by oy by by
0 005 01 015 02 025 03 035 04
qrcms [GeV/c] Q [GeV/c]
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https://github.com/csanadm/CoulCorrLevyIntegral
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Coulomb correction ,,correction”

®Measuring in LCMS, but Coulomb correction is in PCMS
8 This is negligible, but 1D spherical source in LCMS

NOT spherical in PCMS
2,2
. _ /1_5'87" ] Old Coulomb
®Boost R to PSMS Rpcms = 1-p2 R correction
where B = =

> Real Coulomb
’ 2 H
Qinv ~ 1- :8'13‘ ) qLCMS CORECHON
. 1-2p%
KCoul(qiR) = Kcoul 1- ﬁ; “q, ﬁ R

Use this source for Coulomb correction

80l1d Coulomb correction: fits into the source Current Coulomb
® smaller in size correction

B Current Coulomb correction: same size

® smaller in longitudinal
® larger in transversal
B. Kurgyis, D. Kincses, M. Nagy, and M. Csandd, Universe 2023, 9(7), 328

< wiE n E r Barnabds Pérfy, barnabas.porfy@cern.ch 14
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Fitting with Lévy parametrization
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®Formula without final state interactions:

Co°%(q) =1+ 1-e~UarD"

LCMS momentum difference

2
q = |qrcus| = \/(Pu —Pax)? + (ply - sz) + qlzong,LCMS

S Fitting formula, Bowler- Sinyukov:

Yu. Sinyukov et al., Phys. Lett. B432 (1998) 248,
M.G. Bowler, Phys. Lett. B270 (1991) 69

|

M. Nagy, A. Purzsa, M. Csandd, D. Kincses
Eur. Phys. J. C 83, 1015 (2023)

Coulomb correction:

C(g)=N- (1 — A+ (1 + e_(qR)a) A KCOul(q)) (1 + €q)

N —normalization, € — background linearity

8 Physics parameters

Core-halo model:

. Csorgd, Lorstad, Ziményi, Z.Phys.C71 (1996)
A: correlation strength (core/halo model) o etal, Phys.Rev. D47 (1993) 3860-3870

R: Lévy scale parameter (similar to HBT size, ~length of homogeneity)

a: Lévy index (CEP proximity, shape of the source):
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1.35
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1.25

1.2
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Coulomb
_ _ G (q)
KCOul(QIQJR) - CO
5> (q)

FSI free
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LTE Core-halo model

s Hydrodynamically increasing core — pion emission .
; ore
#Results in two-component core + halo source: (hydrodinai

S(x) = Score () + Shalo (%) ffl‘fdfﬂ)lg e

8 Core: thermal hydro medium, size < 10 fm
#Halo: long lived resonances (w, n, Kg, ... ), size = 50 fm

_ . . \\——Halo
® Halo is not seen due to detector resolution (0100 K0)
®Realqg - 0,atC(g=0) =2
#Experimentally: C(q - 0) -1+ 1 R sir) ’ Cla) e

SExperimentally g < 5 — 10 MeV /¢ not accessible :D A—

j B W S, §

®Halo size “corresponds” to small momenta

®Define 1 = ( Neore )2

NcoretNhalo

I_I U N & Barnabds Porf
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ELTE
- _#Goodness-of-fit: x4, NDF — confidence level

#1 rule: good fit should have CL > 0.01%
®Below that, it shouldn’t be accepted

B Fit ranges start and end of fit (qin, Gmax) Must be optimized
®Select by eye g,,., where C(q) is “flat” already
S Performing fit with g,.,;,, steps bin-by-bin
starting point of the scan can be around B-E peak
ending point of the scan can be around middle to end of the B-E slope

#Display all obtained parameters with values, error bars + highlight if fit failed

®How to select fit ranges? All below should be considered simultaneously
#Fit converged ° o
®Parameter values are believable (¢ # 2, 1 £ 1) Takes ~50% (or
#Trend of parameters e ©) ok ol
#Generally, fit g,,,;, should increase with increasing K bins work

Fitting and fitting ranges

I_I U N & Barnabds Porf
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Low-q range issue — MC correction?

®Low-g range — fits overestimate the data
@ Experimental artefact?

®Maybe use Monte Carlo to correct this effect?

Quisner

C(q) KT = 0.22 GeVi/c (0.20 - 0.25) GeVic

— - Normalization

----- Region not incl.

Fit only

1 = ﬂ.339 Eg N = ﬂ 939 +1.000
R=3.174fm 32 fm s

' 0-166 e =0.017 0%
o =1.887 T ~0.000

Green range goodness-of-fit

12/INDF = 32.973/18
Confidence level = 1.7%

H Fit range = 0.0455- 0.200

Ht Y NAG1/SHINE Preliminary

e Ar+Sc @ 150A GeVie 0-10%

N S

y
09— . i R)"

© Fit function: (1+e q) N{1-A+(1+e ™" ) 4 K__(q))
HE::'"'Illlllllllllllll""""'l""ll"'l
0 01 0.2 0.3 04 05 06 07 0.8

D oss [GeVic]
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Monte Carlo correction idea

ELTE
#Correction is possible via:

Crec
Rpaireff — C ? C(Q)/Rpaireff

sim
@ Correction is unstable

OK, then what can we use it
for?

HEN uisner

EPOS simulation
— GEANT3 + NAG61/SHINE rec. chain

144 4 R TR T L P T T T T T T T T Tr I T T

Be+Be at 1504 GeV/c 0-20% I
Ky=0.10-020GeVie ¢/l e

| I I I I | I .ll I

| 0.1 0.2 | 0.3
q (GeV/c)

Barnabds Porty, barnabas.porfy@cern.ch
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Monte Carlo estimation

We can estimate the start of this strong cutoff

®B-E and Coul. effect not present in EPOS simulation

# C,(q) = const.

#Low-q range behavior in data:

& Fits overestimate data

® Theoretical correlation function cannot describe

® Observed in Be+Be, Ar+Sc

85trong cutoff observable

& Several possibilities...

& Might be experimental artefact?

8 Visible deviation from generated (simulated)

& Effects such as track merging present

#Low-q region (until reco. = 1) can be excluded
& Two Track Distance (track merging) cut not used

Quisner

Barnabds Porty, barnabas.porfy@cern.ch

~ 18
g F
U loF EPOS simulation
14F GEANT3 + NA61/SHINE rec. chain
12F
IET,H“H e g4t gttt a it n T e et i et e et ehae e
08F
0.6F
045 Be+Be at 1504 GeV/c 0-20%
g K;=0.10-020GeVie  Jhoo
02F i
O :‘ 1 | I I I I | I I I I
0 0.1 02 03
q (GeV/c)
@ 2 | NA61/SHINE, Eur.Phys.J.C 83 (2023) 10,919 .
E)T\n L Fit to data
18— , , ----- Extrapolation
L S<-INE
el / / Be+Be at 1504 GeV/c 0-20%
ot Ky =0.10 - 0.20 GeV/c
- }\’ _ O 74 +0.13
14— - -0.10
R=3.03fm 3’ fm
o 009
12 B =097 %,
IR v%/NDF = 96/105
1 ™y Confidence level = 71.4%
1 : { h“;whm:‘”H“:“"‘4“‘1"{‘*uu‘«?1{"“““'{“i“{“(”‘v‘“ﬁHm{{“‘v‘{i{;“(
E | Fit function: N-(1+(1+e ™ )} & K (q))
0.8 i | | | | | | | | | | | Cpul | |
02 04 06 08
q (GeV/c)
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+7Be at highest ener |
ELTE c ca gnest energy
81.évy scale parameter R - related to length of homogeneity My = / m2 + k2, kr = 0.5 /kf( + k3
# Region in space
& Emission of particles are coherent, correlated
®5System size comparable to p+p TTNTT
it
SR decreasing trend, > < mr (calculated for Gaussian shape!)
2 Csorg6, Lorstad, Phys.Rev.C54 (1996) 1390 1 TTMHI m"‘" / //%
P %
~ 4 CMS pp, {5 = 7 TeV : %/
qg Eur.Phys.].C 83 (2023) 10, 919 4T £
7 -+ R
3 AR 8
— - *Rg
T | ]
= A 7
IIO 21 E |
o | 11 ]
15 B Ar AR o 4 o’ ® '
e Hydro fit to R(m, ) S-”INE 1; Phys.Rev. C97 (2018) no.6, 064912 ©
Be+Be at 150A GeV/c 0 20% /] i Levy (alpha = 1)
L T S el N /PP BRI I
031 02 03 0.4 0.5 0762 03 04 05 06 07
my (GeV) kr [GeV]

HEN uisner
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‘Be+’Be at highest energy

#Correlation strength / intercept parameter A

® Related to the core-halo model

#®5mall size ~ p+p

Possible explanation for increasing Ny ,j0:

®In-medium-mass modification of n’

81 ~ constant, no decrease with low my
®Compared to STAR, PHENIX: lack of decrease at low-mr

<"*"Eur.Phys.J.C 83 (2023) 10, 919
12+
L
08—
SN
041 4 ratat+r
02| s Jine
Be+Be at 1504 GeV/c 0-20% i
(()).ll — I0!2I — I0|.3I — I0!4I — I05
m; (GeV)

HUN
IREN

Quisner

M A max

1.1

T

T

llllll]

0.9

T

T

0.8

T

0.7

l]l

T

0.6

—

[STAR] Abelev et al., PRC80, 024905
[NA44] Beker et al., PRL74, 3340

x(kT)/).m, comparison
m  NA44 S+Pb,\ s,,=19.4 GeV
4 STAR Au+Au, 62 GeV, 0-5%
* STAR Au+Au, 200 GeV, 0-5%
v STAR Cu+Cu, 62 GeV, 0-10%
0 STAR Cu+Cu, 200 GeV, 0-10%

100 1

150 2001 250 30(:( ?50 400 450 500 550
T

Barnabds Pérfy, barnabas.porfy@cern.ch

# Large mass due to chiral symmetry breaking

& Potential chiral symmetry restoration— lower mass

& Lower mass = more produced — larger halo

Kapusta, Kharzeev, McLerran, PRD53 (1996) 5028
Vance, Csorgd, Kharzeev, PRL 81 (1998) 2205
Csorgd, Vértesi, Sziklai, PRL105 (2010) 182301
PHENIX, Phys.Rev. C97 (2018) no.6, 064911

» -
£ 1aF PHENIX 0-30% Au+Au \s,, =200 GeV
S be
"< 1 2 "'_:7‘ n*n :
“E hmax = (0 . 1l
- (0.55-0.9) GeV/c* O ( ¢—
- PRk et i 1 i f I ' ]
0.8f-""
0.6—
= - - - m,"=958 MeV, B'=55 MeV
= PRL105,182301(2010), - 1
5 PRC83,054903(2011), § ~*~" i ~oo0 MeV, B; =163 MeV
04 - Q resonance model: | e m_*=530 MeV, B:=55 MeV
L 7 Kaneta and Xu --o= m_*=250 MeV, 3‘1-55 MeV
02 7 H=(050:0.02(stat)?Z(syst)),  — 1~ H eXPHMm(20%)]
- 0=(0.30£0.01(stat) , . (syst)) GeV/c®, y>/NDF=83/60, CL=2.7°
C llllllll[llll[lllll

Olllllllllll
0.2 0.3 04

0.8

my [GeV/é?]
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‘Be+’Be at highest energy

Gauss Lévy

81 évy stability index a: shape of spatial correlation
#5mall system, comparable to p+p
#a =~ 1 -Cauchy shape, # Gauss, # CEP

8 Compatible with Lévy assumption

S *[Eur.Phys.].C 83 (2023) 10, 919
18— o ptmtima
1.6~ Constant fit to oc(mT)

14 — +

1.2 —

1 Y %

08—
0.6 —
04 S!-,INE
Be+Be at 1504 GeV/c 0-20% | Il
02—l b L
I_IUN r\ 0.1 0.2 0.3 04 0.5
REN \UWIGNEr m, (GeV) >



Energy dependence in “’Ar+*Sc

200

T (MeV)

180

13A GeV/c

150A GeV/c

p+p NAG61 collected data

C+C

ELTE 160 Si+Si
EOTVOS LORAND . . . Pb+Pb
oo g Different energies, different T, ug 0
14
®Interesting trend: ~ \/syny = 6 — 8 GeV minimum?
g NN 120 Phys.ReV. C73 (2006) 044905
Acta Phys.Polon.B41:427-
rool__440,2010 | : .
200 300 400 500 600
Ar+Sc 0-10%, w*n*+nmw’, NA61/SHINE Preliminary
5 24 S25F - -
134 GeV/ C i
é 22+ evie . + :
£ 2 + 2r I ] - % - ;*
> i SHNE : i
- 40A GeV/ C 1 1 9° .
=16 Y Y Y C r { r
14— 19A GeV/c 75A GeV/c 1304 GeVie 1
30A GeV/c r  150A GeV/c 75A GeV/c 40A GeV/c
1.2 — - -
§ 0-5'....|....|....|....|........|..| | | [ R |
11~ S2.5F - -
08 l l ‘
2p i I
0.6 — - .
02— Be+Be £
T e [ 304 GeV/e 194 GeV/c 134 GeV/e
5 10 15 20 C
0-5‘....|....|....|....|........|....|....|....|........|....|....|..
VSan (GeV) 01 02 03 04 05 01 02 03 04 05 01 02 03 04
my (GeV) my (GeV)

HEN uisner
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ELTE

Energy dependence in “’Ar+*Sc

EOTVOS LORAND
TUDOMANYEGYETEM

@ For Gaussian sources R~1//mry

®Decreasing trend

but a < 2!

& Present in other measurements as well

R [fm]

——O—
—@5—
=0
2 2l
s S

-
[ o]
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-O—+—e—
—0——0—~
—0——0—+

~
IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

PHENIX 0-30% Au+Au \sy = 200 GeV
a = 1.207

o mtrt

Phys. Rev. C 97, 064911 (2018)

HU

0.8 0.9
m; [GeV/c?]

Csorgd, Lorstad, Phys.Rev.C54 (1996) 1390

Ar+Sc 0-10%, n*n*+n'w’, NA61/SHINE Preliminary

o 150A GeVie |

R (fm)

75A GeV/c C

40A GeV/ce

ok 304 GeVie L

R (fm)

19A GeV/c

13A GeV/e
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Energy dependence in “’Ar+*Sc

ELTE

EOTVOS LORAND
TUDOMANYEGYETEM

®Almost constant (except maybe 30A GeV/c)

2
. Ncore
®Halo component increases at RHIC; A = (
NcoretNhalo
S. E. Vance et al, Phys.Rev.Lett. 81 (1998) 2205-2208
T. Csorgd et al, Phys.Rev.Lett. 105 (2010) 182301
A. Adare for PHENIX Collaboration, Phys.Rev. C97 (2018) no.6, 064911 o L.
Ar+Sc 0-10%, s*n*+xw’, NA61/SHINE Preliminary
Not really visible at SPS < [ _
| 150A GeV/c | 75A GeV/e 40A GeV/c
1_ — —
:TXIIIIIIIITIIINIIIIIIIIIIIIIIIIIlllllllllllllllll: - }
1.1 — & - 3 + 3
— | o5 : 44
F : _ " + [ it - :
e 1 I B hipdl g ity ?
: Pl ] - | |
| ] PR U RIS SR TSR N TSNS RS U N T T S S RN S S T S TS S N P PR U TR NSNS N SRS S RS S
0.9F ¥ é < i
g N i 304 GeV/e | 19A GeV/c 13A GeV/c
< C [STAR] Abelev et al., PRC80, 024905 | 1L B B
< 0.8 [NA44] Beker et al., PRL74, 3340
C l(kT)/xmax comparison
N m  NA44 S+Pb,)\ s,=19.4 GeV ‘
N v
0.7 - STAR Au+Au, 62 GeV, 0-5% + L
N s *  STAR Au+Au, 200 GeV, 0-5% i I .}. l l T
oel. v STAR Cu+Cu, 62 GeV, 0-10% 0.5+ Bk -1 l }
L ... .|....1...] = STARCuCu, 200 GeV,0-10% i I 1
100 150 200 250 300 350 400 450 500 550 i
k[Mev] c oo b o v by v v v by v v by v v b v by s by by v v by by | M A | MR A
o 0.1 02 03 04 05 0.1 02 03 04 05 0.1 02 03 04 0.5 0

my (GeV)
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Interparameter correlation

EOTVOS LORAND
TUDOMANYEGYETEM

HU
RE

#Known characteristic of Lévy fit
80bserved in PHENIX, in NA61/SHINE

8 Statistical uncertainty: via Minos for 1o contours
8 Statistical uncertainty of a given parameter:
side length of "bounding box" of N-dimensional contour surface
82D projections of N-dim. contour shown below
8 "Cross" shows parameter uncertainty, equal to contour projection

8To reduce the correlation — one parameter

& o — approx. constant in my =
# R — m7 dependent fit, based on hydro = — 1o contour

A/,/l + mT/B

N uisner

— 20 contour

g~ — 3o contour

7.5

1.3

1.25

— 1o contour

— 20 contour

36 contour

1.2
I () PHENIX results ) Phys-Rev. C97 (2018) no.6, 064911
[ ( )arXiv:1709.05649
L L | | | | | |
0.75 0.8 0.85 0.9
7\' 0.75 0.8 0.85 }\‘ 0.9
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1.25

1.2
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3o contour
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27



o)
E*!

FLTE Calculation of Systematic Uncertainties

SOPED = [Ty
\

(P - P ®)

jerd

& Where:
#ibin (0,1,2,3,...), in our case: K; bins
8 PO(i) value of parameter in i
®n # of systematic source
8/ option used: standard, loose or strict (0,1,2)
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-1 Analysis workflow

EOTVOS LORAND
TUDOMANYEGYETEM

systematics optimization

Data optimization Measure with
systematic
Preliminary sources
investigation of

data Measure with

systematic

. e sources
Fit optimization
Loop over )

events, Analyze systematic

tracks uncertainty results

approved
cuts

! Good
statistics
ky intervals

Select good fits
CL, parameters)

Analyze my

Variable dependence
selection

PID
Centrality

A, B,C Gain preliminary

gisner 2
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Further plans

ELTE
& Finalization and article on **Ar+%Sc energy scan results
& High multiplicity 2Xe+1*°La energy scan measurement
83D, if possible
% = 150A GeV/c 13A GeV/c
=
: 180 p+p NAG61 collected data
C+C
ool SHS!
Pb+Pb
140
120
10— 300 200 500 500
Phys.Rev. C73 (2006) 044905 K (MeV)
Acta Phys.Polon.B41:427-440,2010 -
EI E N m‘iE n E r Barnabds Porfy, barnabas.porfy@cern.ch 30
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FHUN
IREN

Thank you for your attention!

(ms‘i' E n E r Barnabds Porfy, barnabas.porfy@cern.ch
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Backup
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- oplit track |

EOTVOS LORAND
TUDOMANYEGYETEM

\, . VixTrack 14 \1 . W ¥ i. ,a ¥ . W

VitxTraclk 8
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Femtoscopy group results

#Different experiments,
different acceptances

8 5ystem size dependence?
#Centrality dependence?
®Energy dependence?

1: fxt mode 'ébllider mode

08 — % STAR preliminary 0-10% Au+Au, t'rn* * 30-40%
0.GE ¢ CMS 0-5% Pb+Pb, h'h, arXiv:2306.11574 § 30-40%

= & NAG1/SHINE preliminary 0-10% Ar+Sc, r'r*
0.4 & NA61/SHINE 0-20% Be+Be, rr*, EPJ.C 83 (2023)10,919

0 2 Q PHENIX 0—30% AU+AU II:iTEJ-r PRC 97 (2018)6 064911
1 L1 1 1 l 1 1 3 1 l 1 I |
1 “10 102 10
Vsny [GeV]
( m}iEner Barnabads Porfy, barnabas.porfy@cern.ch 34



Stable distribution

EOTVOS LORAND
TUDOMANYEGYETEM

#If alin. comb. of two indep. random variables with this distribution has the same
distribution

of(x) = %T ffooo o (q)e~*dq, where the characteristic function:

¢(q;a B, R, 1) = exp(iqu — |Rq|*(1 — Bsgn(q)®)
a: stability index
[: skewness, distribution is symmetric if =0
R: scale parameter
p: location parameter, if § = 0 - median "

rtan (n—za),a 1

% logltla = 1
B og|t],a = -
#Sum of two random variables from a stable distribution gives something with the same

values of a and g (with possibly different values of i, R ...)
®Ha f = 0 = Lévy symmetric alpha-stable distribution
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